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As part of a broader effort aimed at understanding the kinetics of

multielectron transfer processes, especially at electrochemical interfaces, we have

been exploring the chemistry of diox;rhenium(V) species." With pyridyl (py) or

bipyridyl (bpy) moieties as ancillary ligands, these species are oxidizable by one

electron, 1,.b.2h and reducible by two or even three electrons with uptake of an

equivalent number of protons, 1b 2h e.g. :4

trans-(O)A& V(py); + 2e - + 2H- trans-(OH))U m (py); (la)

cis-(O),R"Vpy)(py); + 2e- + 2H- cis-(OH)2Ram (bpy)py) (lb)

In an earlier report on the synthesis, spectroscopy, and electrochemical

thermodynamics of the first cis complexes, we noted qualitatively (single sweep-

rate cyclic voltammetry peak separation measurements) that the kinetic

reversibility of reaction lb is much greater than la." We further suggested that

the reactivity difference could be due, in part, to differences in thermodynamic

accessibility for the kinetic intermediate state, Re(IV).l" We now wish to report in

preliminary detail: (1) the mechanisms for electrochemical reduction of cis and

trans dioxorhenium(V) species in acidic and neutral solutions, and (2) quantitative

measures of the electrochemical exchange kinetics at near-neutral pH*.s From (1)

and (2) we indeed find that access to Re(IV) is an important factor in ession For
SGRA&I

differentiating cis/trans electrochemical kinetics, and further, that a TAB 13
'.jounced

semiquantitative reactivity analysis is possible based on comparisons to

isoelectronic osmium species. Lr but1on/
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Potential dependent rate constants, k(E), for electrochemical reduction of

dioxorhenium(V) at a carbon fiber microelectrode surface (lOp dia.) were readily

obtained from mass-transport corrected and back-reaction corrected7 steady-state

currents, i, via eq. 2:8

k(E) = 1,.nFAc (2)

where n is the total of electrons transferred, F is the faraday, A is the electrode

area, and c is the solution concentration of the reactant. Standard (or

electrochemical exchange) rate constants, k,, were obtained by extrapolation to the

appropriate formal potential, Er (where Er was obtained by averaging cyclic

voltammetry peak potentials in the limit of zero sweep rate). At pH* = 6, the k.

values are 1.1 x 10 cm sec"' for cis-(O)2ev(bpy)py)2 /(OH)e.(bpy)py)2 and 9.5

x 104 cm sec" for trans-(O2ReV(py)4 /(OH) 2ReI(py)4 . Both rate constants are

concentration independent, demonstrating that disproportionation pathways are

kinetically unimportant. The potential dependencies of the rate constants lead to

transfer coefficients (or electrochemical Bronsted coefficients s') of 0.47 and 0.32 for

reactions la and lb, respectively (both at pH* = 6). These values are close to 0.5,

implying (in both cases) a reaction order in electrons of one9 and therefore, overall

rate control6" via Re(V -+ IV) reduction. Additional measurements as a function

of pH* in the range from I to 8 yielded reaction orders in protons of one and zero,10

respectively, for the trans and cis forms. Thus the rate-determining steps are:1
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trans -(O)(OIRe v(py)2 + -,(ekctrode) trans-(O)(OH)Ra(py) (3)

cis -(O)A v(Lyy(py) e -(electrode) csdr-Q7J)A e(bpy)(PY) (4)

Given the commonality of rate-determining redox steps, we suggest again

that differences in thermodynamic accessibility of Re(IV) from Re(V) may well

account for much of the ca. 120-fold difference in cis vs. trans reduction rates (see

fig. 1). The proposed Re(IV) accessibility effects could, of course, be quantified if

formal potentials for the two Re(V/IV) couples could be determined in relation to

the overall V/Ill potentials. In both cases, however, EAVIIV) necessarily lies more

negative than both E1(V/III) and EV/III), rendering it (the V/NV potential)

inaccessible by conventional methods.

Despite these difficulties, relative Re(V/IV) potentials can be inferred in an

approximate fashion by consideration of isoelectronic, and nearly isostructural,

Os(VI/V) redox couples. Comparative measurements by Dobson, et al.12 of cis and

trans-(O)2Os(bpy)2 
2 reduction show first, that Os(VI/V) (analogous to Re(V/IV)) is

directly observable by cyclic voltammetry, and second, that the cis and trans

potentials differ by 370mV versus a common reference electrode (cis is more

positive). We will assume that a similar difference exists for the isolectronic

Re(V/IV) couples. Our real interest, however, is not in the absolute cis-trans

Re(V/IV) potential difference, but in the potential difference relative to the

appropriate V/III potentials. The latter already differ by +184 mV at pH* = 6 (cis

minus trans), implying that the corresponding V/IV potentials will differ by ca.
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186 mV when referenced separately to the appropriate two-electron potentials."'

(In other words, the Re(V/IV) trans couple is considerably less accessible than the

cis thermodynamically, under two-electron exchange conditions (i.e. at E(V/III)).)

To assess the consequences in terms of two-electron transfer rates, it is

sufficient to note that for the mechanisms invoked (eqs. 3 and 4), plots of log

k(V/III) vs. potential (i.e. electrochemical linear free energy plots or Tafel plots6 )

are necessarily equivalent to plots of log 2k(V/IV) vs. potential for the same

compounds. Representative plots are shown in fig. 2. (Note that the potential

axes are arranged to facilitate rate comparisons at common overpotentials (two

electron) rather than at common absolute potentials.) Because reduction rates

necessarily increase as the electrode potential is made more negative and because

E1 V/IV) is necessarily more negative (for both complexes) than EV/III), rate

measurements at E[V/II) will necessarily be endoergonic with respect to the rate-

determining V -+ IV steps and the rates themselves will necessarily be diminished

from the values they would take at the V/IV formal potentials. Note further that

because of the 186mV difference in relative cis and trans V/IV potentials (see

above), rate diminution (at E/V/III) will be greater for the trans reduction. A

quantitative estimate of the relative diminution effect can be made via the Butler-

Volmer equation:

k(E) = k, exp(-a F(E-E1 )IRT) (5)

where x is the transfer coefficient. For cis versus trans dioxorhenium, the 186mV

difference in relative EN/IVYs would translate into a 30 - fold difference in rate
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constants (cis vs. trans; both one- and two-electron rates) when evaluated at the

respective E(V/II)'s. 4 .1 Thus the majority of the observed reactivity difference

can be rationalized by the accessibility argument.

Alternatively, one could assume that cis/trans reaction rates are equal at

the respective E1 V/IV)s and then calculate (via eq. 5) the relative E(V/IV)

potential difference" needed to obtain the observed cis/trans difference in two-

electron standard rates. While the calculation is straightforward, there is a

subtlety due to the slight difference in transfer coefficients (or unitless log k vs. E

slopes; see eq. 5 and fig. 2) for the two rate processes. The calculation then

becomes dependent also on the absolute potentials chosen. For example, if E(V/IV)

(cis) is assumed to be as negative (but not more negative) than E1 V/III) (cis), then

the relative difference in E(V/IV) potentials is calculated as +259mV. On the

other hand, if E$V/IVXcis) is taken to be, say, 100mV more negative than E(V/III)

(cis), then the calculated potential difference becomes +227mV. In either case,

reasonable agreement is found with the isoelectronic modeling estimate (+186mV),

supporting our contention that Re(IV) accessibility differences are largely

responsible for the two-electron, two-proton cis vs. trans reactivity difference.
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10

Fiure Captions

1. Schematic representation of cis versus trans dioxorhenium energetics for

oxidation states V, IV and III at E V/III).

2. Plots of log k(V/III) versus potential for cis-(0) 2 Re(bpy)(py) 2* and trans- (0)2

Re(py)4  reduction at pH* = 6 in 50:50 v:v acetonitrile:water. The working

electrode is a carbon fiber, and potentials are referenced to saturated

calomel.



E vs. S.C.E., V

-1.2 u-1.0 -0.8 -0.6

-1.0

227 mV is-k4(V/lI)

.3.0 29M

-5.0 trans-kp /Ill

-1.4 -1.2 -1.0 -0.8
E vs. S.C.E., V



ReRe

ReY Re Re Re
trans cis


